INTRODUCTION
============

Type 2 diabetes mellitus (T2DM) has both microvascular and macrovascular complications \[[@b1-enm-2020-35-2-260]\]. The main cause of morbidity and mortality in T2DM is atherosclerotic cardiovascular disease (ASCVD), and patients with T2DM have a higher prevalence, extent, and severity of coronary artery disease (CAD) than those without T2DM \[[@b2-enm-2020-35-2-260],[@b3-enm-2020-35-2-260]\]. The hormonal and physiological abnormalities associated with diabetes, including oxidative stress, insulin resistance, reactive oxygen generation, advanced glycation end products (AGEs), and increased inflammatory cytokine production, jointly promote ASCVD \[[@b4-enm-2020-35-2-260]--[@b6-enm-2020-35-2-260]\]. Variability in glucose levels and altered microRNA (miRNA) regulation have also been suggested as contributors to the pathogenesis of T2DM \[[@b7-enm-2020-35-2-260]--[@b10-enm-2020-35-2-260]\].

Diabetes mellitus (DM) was previously regarded as a "CAD risk equivalent" on the basis of the study by Haffner et al. \[[@b11-enm-2020-35-2-260]\], which reported a 20% increase in the 10-year risk of adverse cardiovascular (CV) events for all DM patients. Since then, it has been recommended to treat all patients with DM as if they have CAD. However, numerous studies, including meta-analyses have reached different conclusions, suggesting that although DM is an important risk factor for the development of cardiovascular disease (CVD), it cannot be considered a "CAD risk equivalent" in all patients with DM \[[@b12-enm-2020-35-2-260],[@b13-enm-2020-35-2-260]\]. In other words, T2DM patients may have a heterogeneous risk for CVD, so a different treatment strategy may be appropriate for patients with lower risk. Simultaneously, patients with evidence of subclinical CAD are at a much higher risk of CAD and such patients may be classified as being in a higher-risk group. Therefore, further stratification of patients improves the accuracy of the prediction of subclinical CAD and future CVD.

Controversy remains regarding the usefulness of systematic CVD screening in asymptomatic patients with T2DM for CV risk reclassification, and most guidelines do not recommend routine evaluation of asymptomatic patients with T2DM \[[@b14-enm-2020-35-2-260]\]. Nevertheless, noninvasive modalities for the detection of subclinical vascular disease, such as coronary artery calcium (CAC) scores and carotid intima-media thickness (IMT), are commonly used to estimate CV risk in real clinical practice.

Heart failure (HF) is another major cause of morbidity and mortality from CVD. The coexistence of T2DM and HF is frequent, but HF is often unrecognized in patients with T2DM \[[@b15-enm-2020-35-2-260]\]. Recent studies have found that two-fold higher rates of incident HF hospitalization in patients with T2DM than in those without T2DM \[[@b16-enm-2020-35-2-260]\]. The issue of HF in T2DM patients has attracted increasing interest from researchers and clinicians since recent CV outcome trials have highlighted the beneficial effects of sodium glucose cotransporter-2 (SGLT-2) inhibitors on HF in both T2DM patients with preexisting CVD and those with only CV risk factors \[[@b17-enm-2020-35-2-260]\].

Herein, we present an updated review of the pathogenesis of vascular complications and guidelines and modalities commonly used for risk stratification and screening of CVD in asymptomatic patients with T2DM.

PATHOGENESIS OF VASCULAR COMPLICATIONS IN T2DM
==============================================

It is well known that T2DM is associated with both macrovascular and microvascular complications \[[@b1-enm-2020-35-2-260]\]. Chronic hyperglycemia has been identified as the primary factor that contributes to the development of diabetic vascular complications \[[@b18-enm-2020-35-2-260]\]. Hyperglycemia causes endothelial dysfunction, which is the critical initiating factor in the pathogenesis of diabetic vascular complications \[[@b5-enm-2020-35-2-260]\]. Insulin resistance also plays an important role in the development of subclinical vascular disease associated with T2DM \[[@b19-enm-2020-35-2-260]\]. Although the mechanisms of T2DM-associated progression of atherosclerosis and vascular calcification are not fully understood, compelling evidence has emerged on the role of important drivers, including oxidative stress itself, activation of AGEs and receptors for AGEs, reduced nitric oxide bioavailability, increased formation of free radicals, inflammatory cytokine production, alterations in mineral metabolism, and the release of osteoprogenitor cells leading to inflammatory, fibrotic, and thrombotic processes ([Fig. 1](#f1-enm-2020-35-2-260){ref-type="fig"}) \[[@b4-enm-2020-35-2-260],[@b6-enm-2020-35-2-260],[@b20-enm-2020-35-2-260],[@b21-enm-2020-35-2-260]\]. In addition, recent studies have pointed out that specific miRNAs play a critical role in the development of diabetic vascular complications \[[@b10-enm-2020-35-2-260]\]. miRNAs are endogenous short, non-coding RNAs consisting of approximately 22 nucleotides that function to block protein translation and/or degrade their messenger RNA targets. They play a role in many processes related to cellular growth, angiogenesis, vascular repair, endothelial homeostasis, the modulation of progenitor cell function, metabolism, and immune response \[[@b9-enm-2020-35-2-260],[@b10-enm-2020-35-2-260]\]. Patients with T2DM exhibit altered expression profiles of miRNAs \[[@b22-enm-2020-35-2-260]\]. In addition to poor glycemic control, glycemic fluctuation or variability also contributes to diabetic vascular complications \[[@b7-enm-2020-35-2-260],[@b8-enm-2020-35-2-260],[@b23-enm-2020-35-2-260]\]. A cross-sectional study by Lu et al. \[[@b24-enm-2020-35-2-260]\] investigated the association of time in range (TIR) obtained from continuous glucose monitoring (CGM) with carotid IMT in 2,215 patients with T2DM. In a fully adjusted model controlling for traditional risk factors of CVD, each 10% increase in TIR was associated with a 6.4% lower risk of abnormal carotid IMT. A prospective, multicenter, 5-year follow-up observational study is ongoing to investigate the relationships of glucose fluctuations evaluated by CGM using the FreeStyle Libre Pro (Abbott Diabetes Care, Alameda, CA, USA) with the incidence of composite CV events and the progression of atherosclerosis in T2DM patients without an apparent history of CVD \[[@b25-enm-2020-35-2-260]\].

ASSESSMENT OF SUBCLINICAL ATHEROSCLEROSIS
=========================================

CAC scores
----------

CAC scores have a strong correlation with the total coronary atherosclerotic burden and higher CAC scores are associated with higher event rates \[[@b26-enm-2020-35-2-260]\]. Patients with T2DM have a higher tendency for coronary artery calcification, and the prognostic significance of elevated CAC in predicting adverse events appears to be greater in patients with T2DM than in the general population. Nonetheless, several studies have shown that over 30% of patients with T2DM have no or very low evidence of coronary calcification \[[@b27-enm-2020-35-2-260],[@b28-enm-2020-35-2-260]\]. A CAC score of 0 conferred a similar survival rate and low risk for CVD for patients with and without DM and a low event rate despite a high burden of risk factors. This phenomenon is referred to as the "power of zero." CAC is the best studied indicator of subclinical atherosclerosis due to its strong performance in risk stratification. Nevertheless, international guidelines still do not recommend routine use of the CAC score in risk stratification of patients with DM, due to remaining open questions regarding its cost-effectiveness, the negative consequences of the consequent radiation exposure, and the lack of a definite reducing in long-term CV events.

The mean duration of previous studies on the association of CAC with the prognosis of T2DM patients was limited to 5 years (and most studies had a duration of less than 10 years) and data on the long-term predictive value of CAC are inadequate. Recently, long-term studies on whether CAC can predict adverse outcomes beyond 10 years of follow-up have been published ([Table 1](#t1-enm-2020-35-2-260){ref-type="table"}).

Long-term clinical utility of CAC scores
----------------------------------------

The CAC Consortium cohort is a multicenter cohort of 66,636 participants without coronary heart disease (CHD) who underwent CAC testing. The median follow-up duration was 12.5 years and the following five traditional risk factors were considered: (1) current cigarette smoking (10%); (2) dyslipidemia (54%); (3) DM (7%); (4) hypertension (31%); and (5) family history of CHD (46%) \[[@b29-enm-2020-35-2-260]\]. The study aimed to identify the prognostic value of a high CAC score among individuals without traditional risk factors and a CAC score of 0 among high-risk individuals. Across risk factor strata, CAC added prognostic information. For example, participants without traditional risk factors but with a CAC ≥400 had significantly higher all-cause, non-CVD, CVD, and CHD mortality rates than participants with ≥3 risk factors and a CAC of 0. Across the spectrum of risk factor burden, higher CAC scores were strongly associated with long-term, all-cause mortality and a greater proportion of deaths due to CVD and CHD. The absence of CAC identified people with a low risk over 12 years of follow-up, with most deaths being non-CVD in nature, regardless of risk factor burden.

Very recently, another study of the CAC Consortium cohort has been published \[[@b30-enm-2020-35-2-260]\]. The long-term associations between no or minimal CAC and cause-specific mortality are currently unknown. Individuals with a CAC score of 0 (45% prevalence, mean age 45 years) had stably low rates of CHD death, CVD death (ranging 0.32 to 0.43 per 1,000 person-years), and all-cause death (1.38 to 1.62 per 1,000 person-years). Cancer was the predominant cause of death in this group, but the rates were also very low (0.47 to 0.79 per 1,000 person-years). Compared to those with a CAC score of 0, individuals with a CAC score of 1 to 10 had an increased multivariable-adjusted risk of CVD death only under age 40. Individuals with a CAC score \>10 had multivariable-adjusted increased risks of CHD death, CVD death and all-cause death at all ages, and a higher proportion of CVD deaths. These findings support the emerging consensus that those with a CAC score of 0 represents a unique population with favorable all-cause prognosis who may be considered for more flexible treatment goals in primary prevention. Detection of any CAC, even a minimal score of 1 to 10 in young adults could be used to trigger aggressive preventive interventions.

The Multi-Ethnic Study of Atherosclerosis (MESA) study showed that CAC scores had significant long-term (\>10 years) value in prognosticating CVD in patients with metabolic syndrome and DM \[[@b27-enm-2020-35-2-260]\]. A CAC score of 0 was found at baseline in 37.3% of participants with DM, and was associated with an observed 10-year CHD event rate of only 3.7% independent of DM duration, insulin use, or glycemic control. Based on this result, the authors suggested that the "warranty period" of a CAC score of 0 can be extended to 10 years from the previous duration of around 5 years in those with DM.

Another observational study investigating the long-term predictive value of CAC scores for all-cause mortality in asymptomatic patients with T2DM was recently published \[[@b31-enm-2020-35-2-260]\]. In this 15-year cohort study, baseline CAC was determined in 9,715 individuals without DM and in 810 T2DM patients. In 34% of the T2DM patients, the baseline CAC score was 0. The cumulative mortality rate over 15 years according to the baseline CAC score was higher in the individuals with T2DM than in the non-DM group. A 15-year follow-up found that DM patients with a CAC score of 0 had a 2.5-fold higher hazard ratio (HR) for all-cause mortality than their non-DM counterparts, although the annual mortality rates were still relatively low. Interestingly, a CAC score of 0 conferred a similar mortality rate in patients with and without T2DM for the first 5 years. After 5 years, however, the risk of mortality increased significantly for T2DM patients even in the presence of a baseline CAC score of 0. A significant increase in mortality within the T2DM cohort began 5 years after the baseline normal CAC score. In contrast with the MESA study, this study suggests that the "warranty period" for a CAC score of 0 may be shorter for T2DM patients. The presence of CAC improved discrimination and reclassification beyond conventional risk factors in patients with T2DM. The authors stated that the mechanisms involved in the adverse prognosis after 5 years in patients with T2DM who had a CAC score of 0 were unclear, but may reflect a higher CAC progression rate in patients with T2DM than in those without T2DM. Another previous study by that research group reported that the warranty period of a CAC score of 0 converting from 0 to \>0 occurred after 4 years in patients with T2DM \[[@b32-enm-2020-35-2-260]\]. It remains unclear whether a CAC of 0 in patients with T2DM is long-term warranty for CVD due to controversial results across long-term studies. A sub-analysis of patients with T2DM has not been reported in these studies.

Progression of CAC
------------------

Several studies have investigated the predictors of atherosclerosis progression and the impact of atherosclerosis progression on CV events in patients with T2DM. These studies have reported rates of atherosclerosis progression ranging from 8.8% to 29.6% during follow-up periods of about 2 years \[[@b33-enm-2020-35-2-260]\]. The determinants of progression of CAC in patients with T2DM have been established to be age, male sex, blood pressure, smoking, hyperlipidemia, waist-hip ratio, duration of DM, presence of retinopathy, statin use, white race, and Framingham risk score \[[@b33-enm-2020-35-2-260]\]. Other studies revealed that tight glycemic control could be important in the progression of CAC or atherosclerosis \[[@b34-enm-2020-35-2-260],[@b35-enm-2020-35-2-260]\], and many clinical risk factors could aggravate plaques in asymptomatic DM patients.

Coronary computed tomography angiography
----------------------------------------

Coronary computed tomography angiography (CCTA) can provide detailed information on atherosclerotic plaques in addition to coronary stenosis. CCTA can predict patients' outcome based on the presence, extent, and severity of CAD. A meta-analysis by Celeng et al. \[[@b36-enm-2020-35-2-260]\] evaluated the prognostic value of CCTA in 6,225 patients with T2DM with a follow-up period ranging from 20 to 66 months. The prevalence of obstructive CAD, non-obstructive CAD, and no CAD was 38%, 36%, and 25%, respectively. The annualized event rate was 17.1% for obstructive CAD, 4.5% for non-obstructive CAD, and 0.1% for no CAD. Obstructive and non-obstructive CAD were associated with HRs of 5.4 and 4.2, respectively. A higher HR for obstructive CAD was observed in studies including revascularization than in those that did not (7.3 vs. 3.7, *P*=0.124). A more recent meta-analysis evaluated the predictive value of CCTA in asymptomatic patients with T2DM \[[@b37-enm-2020-35-2-260]\]. The analysis, which included 5,012 patients from 10 studies, showed that the presence of obstructive CAD on CCTA (vs. non-obstructive CAD or no CAD) was associated with a significantly elevated risk for adverse events (HR, 4.07; 95% confidence interval \[CI\], 2.30 to 7.21). The estimated summary HR for non-obstructive plaque (vs. no CAD) was 2.17 (95% CI, 1.11 to 4.25). These results suggest that the presence and extent of CAD on CCTA are strong, independent predictors of CV events in asymptomatic patients with T2DM.

Although two previous randomized controlled trials (RCTs) \[[@b38-enm-2020-35-2-260],[@b39-enm-2020-35-2-260]\] failed to demonstrate that CCTA reduced the CV event rates in fewer than 1,000 patients with T2DM and short-term follow-up periods \<4 years, observational studies \[[@b40-enm-2020-35-2-260],[@b41-enm-2020-35-2-260]\] showed promising results in the detection of subclinical CAD with CCTA. A prospective observational study by Lee et al. \[[@b40-enm-2020-35-2-260]\] investigated the efficacy of CCTA in predicting major adverse cardiovascular events (MACE) in asymptomatic T2DM patients and compared it with traditional risk factors during a mean follow-up period of 5.5 years. After adjusting for confounding risk factors, obstructive CAD remained an independent predictor of MACE (HR, 3.11; 95% CI, 2.0 to 4.86). The performance of a risk prediction model based on C-statistics was significantly improved (C-index, 0.788; 95% CI, 0.747 to 0.829). In contrast, the risk prediction power of the CAC score remained unimproved (C-index, 0.740; *P*=0.547). A 7-year population-based cohort study with 630 asymptomatic patients with T2DM revealed that CCTA provided additional prognostic information not obtainable from a clinical risk assessment and the CAC score alone \[[@b41-enm-2020-35-2-260]\].

In addition, a risk-score model for the assessment of CAD was suggested for use in asymptomatic DM patients \[[@b35-enm-2020-35-2-260]\]. The CAD risk score model was developed based on clinical risk factors for significant CAD (age, male sex, duration of DM, hypertension, current smoking, family history of premature CAD, previous history of stroke, ratio of total cholesterol to high-density lipoprotein cholesterol, and neuropathy) and the scores ranged from 0 to 17. In total, 607 asymptomatic patients with T2DM were categorized into low-risk (≤3), intermediate-risk (4 to 6), or high-risk (≥7) groups (for significant CAD on CCTA) according to model-based CAD risk estimates of \<20%, 20% to 50%, or \>50%. The low-risk (≤3), intermediate-risk (4 to 6), and high-risk (≥7) groups showed significant differences in the 5-year cardiac event-free survival rate (96.6%±1.5% vs. 88.9%± 1.8% vs. 73.8%±4.1%, respectively) and the likelihood of CAD (12.6% vs. 29.4% vs. 57.7%, respectively) \[[@b35-enm-2020-35-2-260]\]. On the basis of this CAD risk-score model, the authors proposed that further evaluations for CAD are not recommended in low-risk patients, that CAC scoring may be appropriate as a screening test for intermediate-risk patients, and that CCTA might be considered as a first-line test for high-risk patients.

There are well-reviewed studies on subclinical CAD assessments by CCTA in asymptomatic patients with T2DM \[[@b42-enm-2020-35-2-260],[@b43-enm-2020-35-2-260]\], which can serve as a reference for further information.

Nonetheless, the prognostic value of CCTA in asymptomatic patients with T2DM is still debated. Moreover, limited data suggest that it would perform better than the CAC score \[[@b44-enm-2020-35-2-260]\]. Several studies have been conducted in low-to-intermediate-risk patients with suspected CAD, wherein \<1.0% of patients with a CAC score of 0 had significant stenosis on CCTA. CCTA is generally not established as a screening tool for asymptomatic patients with T2DM. The latest European Association for the study of Diabetes (EASD)/European Society of Cardiology (ESC) guideline for detection and risk assessment of CAD states that CAC score and CCTA use "may be indicated" in asymptomatic patients with very high-risk (with a CAC score \>400) \[[@b45-enm-2020-35-2-260]\]. Furthermore, the 2019 Korean Diabetes Association (KDA) guideline stated that CCTA may be indicated as screening tool on the basis of the meta-analysis mentioned above \[[@b46-enm-2020-35-2-260]\]. Nonetheless, current guidelines do not recommend CCTA for general screening in asymptomatic patients with T2DM. Further RCTs are needed.

Carotid IMT
-----------

Carotid artery disease is used as a surrogate marker of subclinical coronary atherosclerosis. The association between carotid IMT and CVD has been well established in both the general population and individuals with DM. A combined analysis of five longitudinal studies including 3,263 patients with DM, but without CVD, confirmed that the mean common carotid artery (CCA)-IMT (HR, 1.08 for every 0.1-mm increment; 95% CI, 1.05 to 1.11), CCA-max-IMT (HR, 1.07 for every 0.1-mm increment; 95% CI, 1.04 to 1.10) and max-IMT (max-IMT in the CCA, bulb and internal carotid artery segments; HR, 1.08 for every 0.1-mm increment; 95% CI, 1.05 to 1.11,) at baseline could be predictors for the development of CVD \[[@b47-enm-2020-35-2-260]\]. A cohort study with a median follow-up of 10.8 years evaluated the predictive capacity of carotid IMT and plaques for CV outcomes and microvascular complications in 478 patients with T2DM \[[@b48-enm-2020-35-2-260]\]. Individuals with a higher carotid IMT and plaques had a 1.5- to 1.8-fold increased risk of CV events and a 1.6-fold higher risk of renal outcomes. The assessment of the carotid IMT and plaques modestly improved CV risk discrimination over classic risk factors.

Compared with other methods of evaluating the coronary anatomy, carotid IMT testing via B-mode ultrasonography has several advantages. Carotid IMT measurements are noninvasive, safe, simple, and relatively inexpensive and can be repeatedly and reproducibly performed with no adverse effects. These benefits make it easy for physicians to use carotid IMT in clinical practice when making decisions. Nevertheless, there are some controversial points regarding the choice of carotid ultrasound parameters. For instance, which carotid ultrasound parameters should be measured? Choices include carotid IMT or plaque, carotid IMT including plaque or carotid IMT not including plaque, the CCA segment or bulb and internal carotid artery, and the mean carotid IMT or maximum carotid IMT. Regarding the measurement of carotid IMT or plaque, several studies have shown that measurements of carotid plaque are more useful than carotid IMT for predicting CVD. A cohort of 262 asymptomatic patients with T2DM showed that carotid plaque was more predictive of a non-0 CAC score and severe CAC burden than carotid IMT in asymptomatic T2DM patients \[[@b49-enm-2020-35-2-260]\]. Akazawa et al. \[[@b50-enm-2020-35-2-260]\] showed that combining carotid plaque with carotid IMT yielded a much superior screening method for detecting CAD by multi-detector computed tomography in asymptomatic patients with T2DM. Another multicenter, observational, prospective study included 259 asymptomatic patients with T2DM who were followed-up for 34 months after measurements of carotid IMT and carotid plaque, and CAD assessments with CCTA \[[@b51-enm-2020-35-2-260]\]. Patients with carotid plaque showed a higher incidence of MACE than those with patients with no carotid plaque. Therefore, carotid plaque assessment in addition to carotid IMT should be considered. The greatest weakness of carotid IMT is the lack of standardized protocols. In addition, patients' age must be taken into consideration when interpreting carotid IMT results.

In summary, although extensive evidence has been presented that the role of carotid IMT and/or plaque in addition to traditional CV risk factors significantly improve the prediction of the occurrence of CVD, controversy remains due to the several above-mentioned limitations and the lack of sufficient evidence regarding improvements in CV outcomes.

CAC versus CCTA, versus carotid IMT
-----------------------------------

Ninety-eight asymptomatic patients with T2DM without known CVD underwent CAC score, CCTA, carotid ultrasonography, and exercise treadmill testing \[[@b44-enm-2020-35-2-260]\]. The researchers found that 56% had no CAD by CCTA. Among these tests, the CAC score had the highest sensitivity and specificity for predicting CAD.

GUIDELINES: RECENT UPDATES REGARDING SCREENING FOR CV RISK IN T2DM PATIENTS
===========================================================================

American Diabetes Association
-----------------------------

In the 2020 American Diabetes Association (ADA) standards of medical care \[[@b14-enm-2020-35-2-260]\], routine screening for CAD is not recommended in asymptomatic patients with high ASCVD risk, as it does not improve CV outcomes if all risk factors are already intensively managed. While the CAC score may improve CV risk assessment, the role of the CAC score beyond risk stratification remains unclear. Therefore, the benefit of screening asymptomatic T2DM patients by CAC score is controversial, although research is ongoing. Candidates for advanced or invasive cardiac testing include those with typical or atypical cardiac symptoms and an abnormal resting electrocardiogram (ECG), in whom exercise ECG testing may be performed as the initial test ([Table 2](#t2-enm-2020-35-2-260){ref-type="table"}).

The ESC/EASD
------------

In the 2019 ESC/EASD guideline \[[@b45-enm-2020-35-2-260]\], routine screening for CAD in asymptomatic T2DM is not recommended. However, stress testing or CCTA may be indicated in very high-risk asymptomatic individuals (with peripheral arterial disease, a high CAC score, proteinuria, or renal failure). The ESC classified CV risk levels in T2DM patients as follows: a very-high-risk group of patients with T2DM and established CVD or other target organ damage (TOD) (proteinuria, renal impairment defined as eGFR\<30 mL/min/1.72 m^2^, left ventricular hypertrophy or retinopathy), or three or more major risk factors (age, hypertension, dyslipidemia, smoking, obesity); a high-risk group of patients with T2DM duration ≥10 years without TOD plus any other additional risk factor; and a moderate-risk group of young patients aged \<50 years with a T2DM duration \<10 years without other risk factors. The routine assessment of microalbuminuria is indicated to identify patients at risk of developing renal dysfunction or at high risk of future CVD (class I, level B). A resting ECG is indicated in patients with DM diagnosed with hypertension or with suspected CVD (class I, level C). An assessment of the carotid and/or femoral plaque burden with arterial ultrasonography should be considered as a risk modifier in asymptomatic patients with DM (class IIa, level B). The CAC score with computed tomography may be considered as a risk modifier in the CV risk assessment of asymptomatic patients with DM at moderate risk (class IIa, level B). In addition, carotid IMT screening for CV risk assessment is not recommended because carotid IMT has not shown incremental value over the CAC score for predicting CVD (class III, level A).

American Association of Clinical Endocrinologists (AACE)/American College of Endocrinology (ACE)
------------------------------------------------------------------------------------------------

In this clinical practice guideline for the prevention of CVD, it is stated that CAC measurements have been shown to be of high predictive value and are useful in refining risk stratification to determine the need for more aggressive treatment strategies (grade B; best evidence level \[BEL\] 2). In this guideline, recommendations are assigned grades that map to the BEL ratings based on the highest-quality supporting evidence level. The recommendation grades are designated as "A=strong, B=inter-mediate, C=weak, or D=only expert opinion or a lack of conclusive scientific evidence." Briefly, there are four intuitive levels of evidence: 1=strong, 2=intermediate, 3=weak, and 4=no evidence. Carotid IMT may be considered to refine risk stratification to determine the need for more aggressive ASCVD preventive strategies (grade B; BEL 2) \[[@b52-enm-2020-35-2-260]\].

American College of Cardiology (ACC)/American Heart Association (AHA) guideline on the primary prevention of CVD
----------------------------------------------------------------------------------------------------------------

The 2019 ACC/AHA guideline recommended CAC testing in selected candidates who might benefit from knowing their CAC score is 0, as follows: patients reluctant to initiate statin who wish to understand their risk and potential for benefit more precisely; patients concerned about the need to reinstitute statin therapy after discontinuation for statin-associated symptoms; older patients (men 55 to 80 years of age; women 60 to 80 years of age) with a low burden of risk factors who question whether they would benefit from statin therapy; and middle-aged adults (40 to 55 years of age) with a pooled cohort equations-calculated 10-year risk for ASCVD of 5% to \<7.5% and factors that increase their ASCVD risk, although they are in a borderline risk group \[[@b53-enm-2020-35-2-260]\].

The KDA
-------

In the 2019 KDA treatment guideline for DM, screening for CAD is not recommended if patients are asymptomatic and their CV risk factors are already well controlled (evidence A, class III) \[[@b46-enm-2020-35-2-260]\]. Screening may be considered if atypical symptoms such as unexplainable dyspnea, chest discomfort, related vascular symptoms or signs (carotid artery bruit, transient ischemic attack, claudication, stroke, peripheral artery disease, Q wave on ECG), a high CAC score, and proteinuria are present (expert recommendation, class IIb). An exercise ECG test may be regarded as the first screening test if patients have no symptoms and few CV risk factors (expert recommendation, class IIb). The CAC score may be determined in patients ≥40 years for risk assessment of CV.

HEART FAILURE
=============

A recent large observational study of 271,174 patients with T2DM registered in the Swedish National Diabetes Register suggested that the optimal management of conventional CV risk factors (glycated hemoglobin, blood pressure, low-density lipoprotein cholesterol, albuminuria, and smoking) within the target ranges may offset the excess risk of ASCVD such as myocardial infarction and stroke, but be ineffective in reducing the risk of HF \[[@b54-enm-2020-35-2-260]\]. The risk of hospitalization for HF was consistently higher among patients with T2DM who had no additional risk factors outside the target ranges than among controls (HR, 1.45; 95% CI, 1.34 to 1.57). Recent CV outcomes trials of SGLT-2 inhibitors have provided robust data supporting the role of these drugs in the primary prevention of HF in patients with T2DM. Based on these results, multiple clinical trials about their effects of SGLT-2 inhibitors on HF in patients without T2DM are ongoing \[[@b55-enm-2020-35-2-260]\].

T2DM was associated with a two- to four-fold increased risk of HF \[[@b56-enm-2020-35-2-260]\]. Patients with asymptomatic HF often have subclinical abnormalities of cardiac structure and function and any of these abnormalities is associated with an increased risk of symptomatic HF and death.

In light of the prognostic implications of concurrent T2DM and HF, the development of screening strategies for unrecognized HF among patients with T2DM is important. Nevertheless, since screening strategies for HF are sparse in patients with T2DM, current screening for HF might be based on clinical characteristics \[[@b57-enm-2020-35-2-260]\]. Although symptoms are often non-specific, a detailed history should always be obtained. Information should be elicited about typical symptoms, such as shortness of breath, orthopnea, paroxysmal nocturnal dyspnea, reduced exercise tolerance, and ankle edema. The plasma concentration of natriuretic peptides (NPs) can be used as an initial diagnostic test and is recommended for ruling-out HF. In 2017, for the first time, the ACC/AHA/Heart Failure Society of America HF management guidelines issued a class IIA recommendation for NPs (BNP and NT-proBNP) screening for those at risk of developing HF \[[@b58-enm-2020-35-2-260]\]. Elevated NP levels help establish an initial working diagnosis, identifying those who require further cardiac investigation and echocardiography. In addition, HF is unlikely in patients presenting with a completely normal ECG. Therefore, the routine use of an ECG is mainly recommended to rule out HF.

CONCLUSIONS
===========

Extensive efforts are made to control CV risk factors and to reduce CV complications in patients with T2DM. In addition, new hypoglycemic agents have provided significant benefits for reducing CV events and hospitalization due to HF in recent clinical trials. Nonetheless, ASCVD is still the main cause of morbidity and mortality in patients with T2DM. Several CV imaging modalities for atherosclerosis have been employed to improve risk stratification and event prediction. Among them, the CAC score is the most widely studied and is considered to be the most promising screening tool by international organizations. However, to date there is no clear evidence that screening using imaging modalities reduces CV events and improves clinical outcomes in asymptomatic patients with T2DM.
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Representative Long-Term Cohort Studies of the Predictive Value of CAC

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                    CAC consortium (2019)                                                                                                                                                                                                                                                                                                                                       MESA (2019)                                                                                                                                                                                                                            Observational study (2016)
  --------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Age, yr                     54±11                                                                                                                                                                                                                                                                                                                                                       62±10                                                                                                                                                                                                                                  53.4±10.5

  Total population            66,636                                                                                                                                                                                                                                                                                                                                                      6,814                                                                                                                                                                                                                                  9,715

  Male sex, %                 67                                                                                                                                                                                                                                                                                                                                                          47.2                                                                                                                                                                                                                                   59.3

  DM, %                       7                                                                                                                                                                                                                                                                                                                                                           13 (11 for Chinese/5.3 for White)                                                                                                                                                                                                      8.3

  HTN, %                      31                                                                                                                                                                                                                                                                                                                                                          42                                                                                                                                                                                                                                     43.4

  Dyslipidemia, %             54                                                                                                                                                                                                                                                                                                                                                          32                                                                                                                                                                                                                                     62.6

  Race (Asian/White), %       4/89                                                                                                                                                                                                                                                                                                                                                        11.9 (mainly Chinese)/38.5                                                                                                                                                                                                             \-

  Duration of follow-up, yr   Median 12.5                                                                                                                                                                                                                                                                                                                                                 11.1                                                                                                                                                                                                                                   Median 14.7

  CAC score \>0, %            55                                                                                                                                                                                                                                                                                                                                                          57 for White, 50 for Chinese                                                                                                                                                                                                           48.5/66.1 (non-DM/DM)

  Study outcome               Cause-specific mortality (all-cause, non-CVD, CVD, and CHD mortality)                                                                                                                                                                                                                                                                                       Incident ASCVD                                                                                                                                                                                                                         All-cause mortality

  Main findings               HR of CHD and CVD mortality: CAC scores ≥400 vs. CAC of 0: 5.44 and 4.15, respectively.Risk factors ≥3 vs. without risk factors: 2.09 and 1.84, respectively.Participants with CAC scores ≥400 and no risk factors had significantly higher all-cause, non-CVD, CVD, and CHD mortality rates than participants with ≥3 risk factors and a CAC score of 0.   Ten-year ASCVD event rates increased steadily across CAC categories regardless of age, sex, or ethnicity.\                                                                                                                             For a CAC score of 0, the mortality rate was similar between DM and non-DM groups for the first 5 years. After 5 years, the risk of mortality increased significantly in the DM group, even in those with a baseline CAC score of 0.\
                                                                                                                                                                                                                                                                                                                                                                                          While 10-year event rates in those with a CAC score of 0 were almost exclusively below 5%, the rates in those with a CAC score ≥100 were above 7.5%. For each doubling of CAC, a 14% relative increment in ASCVD risk was estimated.   The presence of CAC improved discrimination and reclassification beyond conventional risk factors.
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CAC, coronary artery calcium; MESA, Multi-Ethnic Study of Atherosclerosis; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease; CHD, coronary heart disease; ASCVD, atherosclerotic cardiovascular disease.

###### 

Recent Guidelines on Screening for CVD in Asymptomatic Patients with Type 2 Diabetes Mellitus

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Professional organization                                                                   Screening asymptomatic patients                                                                                                                                                       Further consideration
  ------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  American Diabetes Association (2020)                                                        Routine screening for CAD is not recommended in asymptomatic patients with high ASCVD risk, in case these high-risk patients should already be receiving intensive medical therapy.   Exercise ECG testing may be used as the initial test in case of typical or atypical cardiac symptom and abnormal resting ECG.\
                                                                                                                                                                                                                                                                                    Regarding CAC, in patients with above 40 years of age, its measurement is reasonable for CV risk assessment. However, the role of CAC beyond risk stratification in not clear, so routine use is not recommended.

  European Association for the Study of Diabetes/European Society of Cardiology (2019)        Routine screening for CAD is not recommended.                                                                                                                                         Stress testing or CCTA may be indicated in very high-risk asymptomatic patients (peripheral artery disease, high CAC score, proteinuria, or renal failure).\
                                                                                                                                                                                                                                                                                    CAC score may be considered as a risk modifier in asymptomatic patients.\
                                                                                                                                                                                                                                                                                    Carotid plaque burden should be considered as a risk modifier, but carotid IMT is not recommended.

  American College of Cardiology/American Heart Association (2019)                            Screening may be useful in selected patients.                                                                                                                                         CAC can be recommended in selected patients; those who are reluctant or concerned about restarting statins, or whether there is benefit or not regarding statin therapy, and with factors that increase their ASCVD risk, although they are in a borderline risk group

  American Association of Clinical Endocrinologist/American College of Endocrinology (2017)   CAC is useful in refining risk stratification to determine the need for more aggressive treatment strategies due to its high predictive value.\                                       
                                                                                              Carotid IMT may be considered to refine risk stratification.                                                                                                                          

  Korean Diabetes Association                                                                 Screening for CAD is not recommended if patients are asymptomatic and their CV risk factors are already well controlled.                                                              Exercise ECG test as the first screening may be considered if atypical symptoms such as unexplainable dyspnea, chest discomfort, related vascular symptom or signs (carotid artery bruit, transient ischemic attack, claudication, stroke, peripheral artery disease, Q wave on ECG), high CAC score, and proteinuria are present (expert recommendation, class IIb).\
                                                                                                                                                                                                                                                                                    CAC score may be screened in patients ≥40 years for CV.
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CVD, cardiovascular disease; CAD, coronary artery disease; ASCVD, atherosclerotic cardiovascular disease; ECG, electrocardiogram; CAC, coronary artery calcium; CV, cardiovascular; CCTA, coronary computed tomography angiography; IMT, intima-media thickness.
